Purpose To investigate whether mutations in the KISS1 gene are present in 170 Chinese patients with idiopathic hypogonadotropic hypogonadism (IHH). Methods Mutational screening of the KISS1 gene was performed in 170 Chinese patients with IHH (133 male cases and 37 female cases) and 187 matched controls (94 males and 93 females). Results Two known single-nucleotide polymorphisms (SNP), c. 58G > A in exon 1 and c. 242C > G in exon 2, were identified. However, no difference of genotype and allelic frequencies between cases and controls was observed. Conclusions The results suggest that mutations in the coding sequence of KISS1 are not common in patients with IHH in this Chinese population.
Introduction
Idiopathic hypogonadotropic hypogonadism (IHH), also known as congenital hypogonadotropic hypogonadism, is characterized by failed development of puberty in both genders [1, 2] . The prevalence of IHH is about 1-10/ 100,000 [3, 4] , and is 2-5 times more prevalent in males than females [5] . IHH includes two categories, Kallmann syndrome (with anosmia or hyposmia) and normosmic IHH (with normal smell). Patients with IHH manifest with low level of pituitary gonadotropins, e.g., folliclestimulating hormone (FSH) and luteinizing hormone (LH), which is attributed to impaired secretion of GnRH and/or action [6, 7] . Subsequently insufficient FSH and LH fail to drive gonadogenesis resulting in inadequate sex hormone secretion.
The causes of IHH are highly heterogeneous and genetic factors have been considered to play a prominent role [3, 8] . Genes responsible for activation and secretion of GnRH have been investigated and causative mutations have been identified. 2-6 % of patients with Kallmann syndrome had mutations in KAL1, PROK2/ PROKR2, FGFR1, FGF8, and CDH7 genes; and 2-16 % of patients with normosmic IHH carried mutations in GNRHR, KISS1/KISS1R, TAC3/TACR3, LEP/LEPR, and PCSK1 genes [3] . However, the causes of IHH remain elusive in majority of cases.
The KISS1 gene encodes kisspeptins [9] [10] [11] [12] , ligands of orphan G-coupled protein with receptor 54 (GPR54, also named KISS1R), which is expressed in GnRH neurons [13, 14] . When kisspeptin binds to KISS1R, GnRH neurons release GnRH and trigger the secretion of FSH and LH [14] [15] [16] [17] .
As an upstream regulator of GnRH, kisspeptin is sensitive to estradiol (E 2 )-mediated feedback. Kiss1-null mice showed a phenotype of failure in pubertal maturation, sterility and hypogonadotropic hypogonadism [18] [19] [20] [21] . A homozygous missense mutation (p. N115K) of the KISS1 gene has been found in a familial pedigree with 4 sisters having IHH [4, 22] , which resulted in reduced kisspeptin's affinity to KISS1R [23] [24] [25] [26] . Another missense mutation (p. P74S) in KISS1 gene was also reported to be responsible for idiopathic central precocious puberty (CPP) [27] . To our knowledge, no mutational analysis in large cohort has been reported, which is therefore the objective of the present study to investigate mutations in 170 sporadic Chinese patients with IHH.
Materials and methods
A total of 170 Chinese patients with IHH were recruited from the Hospital for Reproductive Medicine Affiliated to Shandong University from 2008 to 2013, including 133 males (20 with dysspermatism and 113 with azoospermatism) and 37 females (Table 1) . Among them, 19 males and 5 females presented with anosmia or hyposmia. The diagnosis criteria of IHH for male included: i) above 18 years old with FSH<3 mIU/ml, ii) low level of testosterone (<300 ng/dl), and iii) small volume of testicle (<12 ml); for females: i) over 17 years old with primary amenorrhea, ii) FSH<3 mIU/ml, and iii) E 2 level<30 pg/ml. All patients had normal chromosomal karyotype and neuroimaging. 94 males and 93 females with normal basal serum FSH concentration, regular menstrual cycle for female, normal testosterone level (≥300 ng/dl) and normal volume of testis (≥12 ml) for male were recruited as control group. Written informed consents for the molecular study have been signed by all participants. The study was approved by the Institutional Review Board of Reproductive Medicine of Shandong University (IRB reference number 20, granted on 30 July, 2008).
Total genomic DNA was obtained from peripheral blood samples. The two exons of KISS1 gene were amplified by polymerase chain reaction (PCR) with specific primers. The PCR product was analyzed by agarose gel electrophoresis (AGE) and then sequenced on an automated sequencer (ABI PRISM 310; Applied Biosystems). PCR conditions and primer sequences were detailed in Table 2 . Any novel variants were sequenced in both directions and repeated three times.
Chi-squared test (χ 2 test) was performed to compare genotype frequency and allele frequency between the control and IHH groups in male and female respectively. The analysis was conducted by Statistical Package for Social Sciences version 20.0 (SPSS, USA). Statistical differences were considered significant when P<0.05. Bonferroni correction was used for multiple testing corrections on the data that were statistically significant. Values are number n or mean ± SD 
Results
Two known nonsynonymous single-nucleotide polymorphisms (SNP), rs12998 in exon 1 and rs4889 in exon 2 were identified. There were no difference of genotype and allelic frequencies between cases and controls (Tables 3 and 4) . No additional mutation or SNP were found.
Discussion
The KISS1 gene was initially considered as a metastasis suppressor in a variety of cancers, such as malignant melanoma, gastric cancer, and oesophageal carcinoma [9, 28, 29] . The role of KISS1 in puberty development was first identified in 2003 [30, 31] and now kisspeptin has been regarded as a principal neuromodulator of the onset of puberty, secretion of gonadotrophins, and reproduction.
Our study recruited a larger Chinese patients with IHH (n= 170) to screen variants in the KISS1 gene, but only two known SNPs (rs12998 and rs4889) were detected. Previous report, which involved 13 families and 90 sporadic cases of normosmic IHH, found novel missense mutation p. N115K in a consanguineous family. Subsequent functional studies showed that KISS1R had apparently reduced sensitivity to the mutant compared to wild type [22] . Our results indicate that mutations in the coding region of KISS1 are not common in Chinese patients either male or female with anosmia or normal smell, which might be explained by ethnic difference. Additionally, all the 170 Chinese patients with IHH were sporadic while p. N115K was identified in a consanguineous family. Therefore, more familial cases with a balanced sex composition would be helpful to illustrate the role of KISS1 in IHH. In the future, more genes such as KAL1, GNRH1/ GNRHR, FGFR1, KISS1R, TAC3/TACR3, FGF8, PROKR2/ PROK2, CHD7, NELF, and WDR11, are promising to be investigated in patients with IHH. No statistically significant differences were found (P>0.05)
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